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Abstract 
Shape is one of the most important features in Content Based Image Retrieval (CBIR). When a shape is used as feature, edge 
detection might be the first step of feature extraction. Invariance to the different transformations like translation, rotation, and 
scale is required by a good shape representation. In this paper a performance comparison is done on various image transforms 
like Wavelet transform, Fourier transform, Haar transform, Walsh-Hadamard transform and discrete cosine transform using a 
fuzzy similarity measure. It is seen that according to retrieval performance Wavelet transform gives the best result among the 
other mentioned transforms. It has higher recall and precision values and higher crossover point. 
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1. Introduction 
Content based image retrieval came into existence in the early 90s making use of the low level features of images 
like texture, color, shape and structure. Extensive research has been done to extract the features of images and 
measure the similarity between images so that relevant image can be retrieved. In CBIR, images are indexed by 
features extracted from the image itself. Here manual annotations are not needed. Information retrieved from images 
is rather low level like color, texture, shape, structures and their combinations. The main focus of CBIR is the 
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extraction of the image features and the calculation of similarity measure between the features. The representation of 
the image contents can be compiled into a feature vector of d dimensions. It can be represented as follows: 
 
).,.........,,( 4321
IIIII fffff                                (I) 
The dimensionality d directly affects the query image processing. For non indexed query processing it takes     
O((Nd) 2) number of computations to compare each element of the vector for N number of images. A good feature 
should have sufficient power to discriminate between similar and dissimilar images. It should also be invariant to 
spatial transformations such as rotation, translation and minor changes due to image capturing environment. 
2. Related Works 
 Shape based image retrieval has been a very interesting area of research. The most important part of shape based 
retrieval is the extraction of the shape descriptors which are hence compared for image retrieval. Zhang et. al [1] 
gave a comparative study on shape matching with various signatures of Fourier transform. They concluded saying 
that centroid distance Fourier descriptors gave the best performance. Zhang et. al. [2] gave a review of shape 
representation and description techniques. Xiaojun Qi  [3] used the concept of wavelet transform modulus maxima 
for extracting the contour descriptors. Guru et. al [4, 5] described a new similarity measure for matching two 
dimensional shapes. Banerjee et.al [6] described a fuzzy matching scheme on Fourier descriptors. This literature 
gives an overview of the comparative study on the fuzzy matching scheme [6] using various image transforms. 
3. Image Transform and Fuzzy Similarity Measure 
      A transform maps image data into a different mathematical space via a transformation equation. One example of 
transform is the transform from one color space to another color space-RGB to SCT (spherical coordinate 
transform), RGB to HSL (hue/saturation/lightness). However, the transform from one color space to another color 
space has a one-to-one correspondence between a pixel in the input and the output. But the transforms used in this 
literature map the image data from the spatial domain to frequency domain (spectral domain). All the pixels in the 
input (spatial domain) contribute to each value in the output (frequency domain). Discrete transforms are performed 
based on specific functions, which are called the basis functions. These functions are typically sinusoidal or 
rectangular. The discrete versions of 1-D basis function are called basis vectors. The discrete versions of 2-D basis 
function are called basis images (or basis matrices). The process of transforming the image data into another domain 
involves projecting the image onto the basis images.  
Given a query image Q the boundary points are calculated and an image transform is applied on the boundary 
points. The absolute values and the phase values are found out. It is observed that the obtained feature values of Q 
are simply a vector of real values instead of a vector of interval values as we have only one instance of Q.  QnQQQQQ fffffF ..........,,, 4321                                                                                         (II) 
where the kth feature is given as follows: 
                               kQkQQkf  ,                                                        (III) 
Here it can be seen that the kth feature is multi-valued rather than multi-interval valued [4, 5]. The feature vector of 
the model images in the database is given as  MnMMMMM fffffF .........,,, 4321 where the kth feature is given 
as     kMkMkMkMMkf  ,,  which is of multi-interval valued type [4, 5]. The degree of similarity between Q 
and M is defined as the average of the degree of similarities between their respective features. 
The similarity between query image Q and model image M is given as follows [4,5]: 
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where Vi is given as follows [4, 5]: 
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It is seen that if     kMkMkMkM  ,,  interval contains   kQkQ  ,  then the similarity value is evaluated as 1. But 
if it does not lie in that interval the value is checked to which extent it is closer to the upper bound or the lower 
bound. Also it is difficult to say that which association of the boundary points is the best. So to get best association, 
cyclic shifts are carried out on the model shapes and the maximum value of similarity is selected from them. 
4. Experimental Results 
       
In this section, we compared the performance of shape based image retrieval using different image transforms. 
The experiments were conducted on a machine with Pentium 4 processor with 512 MB RAM and clock speed of 
1.83 GHz.  
The image database comprises of 5 types of images of 5 categories. The shape images are taken from [5]. The 
images in the database are shown in Fig 1. The average precision and recall graphs are plotted against number of 
images retrieved. The graphs are shown in Fig 2 and Fig 3. 
   
                          
Fig 1 Representative images of the image database 
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Fig 2 Average Recall     Fig 3 Average Precision 
The average recall and average precision graphs given in Fig 2 and Fig 3 show that wavelet transform has higher 
recall and precision values than the other transforms. The crossover points plotted in Fig 4, a concept utilized by 
Kekre et.al. [7] also shows higher value for the wavelet transform depicted by the intersection of the pink and dark 
blue lines in the graph. It is observed that wavelet transform has the highest crossover point (0.59). Then in 
descending order of crossover points we have Walsh-Hadamard transform (0.54), Haar transform (0.5122), Fourier 
transform (0.49) and Discrete Cosine transform (0.44). 
 
    
         Fig 4 Crossover points 
5. Conclusion 
In this paper, a comparison is done between various transforms on a fuzzy similarity measure for retrieval of 2 
dimensional shapes. It is seen that according to retrieval performance Wavelet transform gives the best result with 
respect to average precision and recall values among the transforms used in comparison. It has higher recall and 
precision values and higher crossover point. In future, the method could further be improved so as to achieve higher 
precision and recall values. This method is applicable to just 2D shapes. So it can be thought to incorporate it in 3D 
shape matching with some modification. 
 References 
    1.    D. Zhang ,G. Lu, “A comparative study on shape retrieval using Fourier descriptors with different shape 
signatures”, Intelligent Multimedia, Computing and Communications: Technologies and Applications of the 
Future: Proceedings of the International Conference on Intelligent Multimedia and Distance Education, John 
Wiley & Sons, Inc., USA,1-9, 2001 
    2.    D. Zhang, G. Lu, “Review of shape representation and description techniques”, The Journal of the Pattern 
Recognition Society, 37(2004), 1-19, 2003 
    3.    X. Qi, "Shape Matching Using Wavelet Transform Modulus Maxima," Proceedings. of 2004 Hawaii 
International Conference on Computer Sciences, 389-393, Honolulu, Hawaii, 2004. 
    4.    H.S. Nagendraswamy., D.S Guru  “A New Method of Representing and Matching Two Dimensional Shapes”, 
International Journal of Image and Graphics, 7(2), 377-405, 2007 
    5.    D. S. Guru., H.S Nagendraswamy., “Landmark Based Shape Representation Scheme for Recognition of Two-
Dimensional Shapes”, Proceedings of the conference on Image and Vision Computing (IVCNZ-2005), 
University of Otago, Dunedin, New Zealand, 299-304, 2005 
    6.    A. Banerjee, A. Dutta, “Fuzzy matching scheme on fourier descriptors for retrieval of 2 dimensional shapes”, 
Proceedings of the National Conference on Computing and  Communication Systems (NCCCS-2012), Dr. 
B.C. Roy Engineering College, Durgapur, West Bengal, India, 142-146, 2012 
627 Alina Banerjee and Ambar Dutta /  Procedia Technology  10 ( 2013 )  623 – 627 
    7.    H.B Kekre, S.D. Thepade, V.K. Banura, “Amelioration of Colour Averaging Based Image Retrieval 
Techniques using Even and Odd parts of Images”, International Journal of Engineering Science and 
Technology (IJEST), 2(9), 4238-4246, 2010.  
